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Summary 
 
The Dutch ministries of Infrastructure and Environment and the ministry of Economic Affairs are 
developing management measures to protect the seafloor in the Frisian Front (FF) and Central 
Oysterground (CO) areas of the Dutch EEZ.  In the consultations with the fishing industry and 
environmental NGO’s the following questions were raised about the impact of the flyshoot fishery:  
a. Where do fishermen deploy flyshoot (or other bottom seine gear) and what is the value 
of the landings taken. 
b. What are the effects of the flyshoot on the ecology of the benthos in general, and in 
particular in the areas where this gear is being deployed. What is the recovery potential 
of the seafloor if there would be no flyshooting.  
c. How do the effects of the flysoot compare to the effects of the other towed demersal 
gear in the typical flyshoot grounds. 
This report commissioned by the ministry of Economic Affairs summarises the state of the art knowledge 
about the impact of bottom trawls on the seafloor and benthic ecosystems. The following conclusions can 
be drawn:  
• The FF en de CO are habitats with a low level of natural disturbance. The effect of the flyshoot, 
therefore, will be relatively large as compared to the effect of natural disturbance.  
• The footprint of the flyshoot (1.6 km2) and Danish seine (1.0 km2) , defined as the surface area 
covered during one hour of fishing, is relatively high as compared to the otter trawl (0.3 – 1.2 
km2) and beam trawl (0.2 km2).   
• The ‘sub-surface’ footprint of the flyshoot (0.1 km2) is lower than the sub-surface footprint of the 
otter trawl used in the Nephrops fishery (0.3 km2) or the beam trawl fishery (0.2 km2). 
• The physical impact per unit area swept will be substantially lower due to the lower towing 
speed. The physical impact depends on the specific characteristics of the sea bed habitat in the 
FF and CO area. Because the resuspension of sediment scales with the squared towing speed 
and with the frontal surface area of the gear elements, it is likely to be low.  
• The physical impact due to collisions, that scales with the towing speed and the mass of the gear 
element, might not be negligible in case of fragile and slow growing structures such as gas 
fountains and biogenic species (reefs).   Whether the flyshoot fishery will have an adverse effect 
in the FF and CO depends on the overlap in distribution of the fragile slow growing structures on 
the fishing grounds of the flyshoot fishery. According to Witbaard (2008) it is unknown whether 
gas fountains do occur in the area. None of the indicator species for the CO and FF (Table 4) are 
build biogenic habitats or are particularly vulnerable for the relatively mild physical impact of the 
flyshoot. Most of the indicator species are infaunal species that live in the sediment out of reach 
of the seine rope or ground gear (Callianassa subterranea, Upogebia spp, Brissopsis lyrifera, 
Amphiura filiformis, Corystus cassivelaunus, Nephtys incisa, Thracia convexa). All bivalves have 
a robust shell except the infaunal species Thracia convexa. 
• The flyshoot fishery has been poorly studied. There are no observations available of the effect of 
seine ropes on the benthic structures, the degree to which ropes penetrate into the seabed and 
the mortality the gear may impose on benthic invertebrates living on the surface.  
 
Note on English version. This report is a translation by the author of the original Dutch version. The 
footprint information presented in this English report differs from the original report as this was based on 
a draft manuscript of Eigaard et al (2016) which was revised during the review process. The updated 
footprint data reported are somewhat lower as compared to the earlier Dutch version. This change does 
not affect the overall conclusions on the impact of the flyshoot on the sea floor and benthos.  
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1. Introduction 
 
The ministries of Infrastructure and Environment (IenM) and the ministry of Economic Affairs (EZ) are 
developing measures to protect the seafloor for effects of fishing in the Frisian Front (FF) and Central 
Oysterground (CO) area. These measures will contribute to the ambition that by 2020 between 10-15% 
of the sea floor of the Dutch Economic zone will not be significantly disturbed as described in the Ducth 
Marine Strategy Part I (Min I&M and EL&I 2012).  
 
Stakeholder consultation showed consensus that towed bottom trawls will cause a significant disturbance 
of the seabed. However, stakeholders disagree about the impact of flyshoot fishery. The fishing industry 
claims that this gear does not have a significant effect on the sea floor and that this fishery should be 
allowed to continue its operations in the marine protected areas. According the Dutch fishing industry, 
about 4 or 5 flyshooters are fishing in the southern part of the Frisian Front area.  
 
This controversy leads to the following questions:  
 
a. Where do fishermen deploy flyshoot (or other bottom seine gear) and what is the value 
of the landings taken. 
b. What are the effects of the flyshoot on the benthos, in particular in areas where this 
gear is deployed. What is the recovery potential of the seafloor if there would be no 
flyshooting.  
c. How do the effects of the flyshoot compare to the effects of the other towed demersal 
gear on the typical flyshoot grounds. 
 
This report summarises the state of the art knowledge about the impact of bottom trawls on the seafloor 
and benthic ecosystems and describes the expected effects of the flyshoot fishing operations relative to 
those of other bottom trawl gears.  
 
 
 
Flyshoot fishery (source: www.flyshootvis.nl)
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2. Distribution 
 
In the period 2010-2014, a total of 13 Dutch fishing vessels deployed a Danish seine or a Scottish seine 
(flyshoot).  The gear code used in the collection of fishery statistics in the EU (SSC) does not distinguish 
between the Danish (anchor) seine and the Scottish seine (flyshoot). The number of fishing days of the 
seine fisheries increased from 170 in 2010 to 193 in 2014.  
 
In the CO and FF areas, comprising the ICES rectangles 36F4, 36F5, 37F4, 37F5, 38F4 and 38F5, the 
fishing effort was on average 22 and 74, respectively. There is no trend in the fishing effort in the CO 
and FF. The fishing effort of the seines in the CO and FF areas is relatively small as compared to other 
fishing areas.  The total landings of fish ranges between 56 and 186 thousand kg (Table 1a). The 
revenue ranges between 132 and 291 thousand Euro (Table 1b). The distribution of the seine fisheries is 
given in Figure 1a and 1b. 
 
3. Effects of towed gear on the benthic ecosystem 
BENTHIS approach 
The European FP7 BENTHIS project (www.benthis.eu), coordinated by IMARES, is developing a 
methodology to assess the impact of bottom trawls on sea floor habitats and the benthic ecosystem 
(Figure 2). The methodology takes a mechanistic approach where the physical impact of a gear is the 
sum of the impact of its elements (Table 2). This approach allows us to assess the impact of fishing 
gears which have not been studied in the field by extrapolating the physical impact of the gear elements 
it shares with towed bottom gear that have been studied in the field. In addition, the methodology takes 
account of the differences across sea floor habitats.  The structure of the sea floor is formed by different 
processes each with its own time horizon: (1) long term geomorphological processes (glacial deposits 
and changes caused during the period of rising sea levels); (2) moderate long term geomorphological 
processes forming gas fountains and pockmarks; (3) short term effects of (3a) local water movement 
due to tides and waves (bottom shear stress) and (3b) benthic fauna (bioturbation, biogenic structures 
such as reefs, bivalve beds). To determine the influence of bottom trawling on the community of benthic 
organisms, benthic taxa are classified into classes based on specific traits that relate to a certain 
sensitivity for the effects of trawling, such as the position in the sediment, the presence and strength of 
protective shell or exoskeleton, and the characteristics that are related to the recovery time such as 
longevity. Benthic taxa can also be classified according to their functional role. In combination with their 
longevity, this can be used to infer the impact of bottom trawling on the ecosystem functioning.  
 
The pressure of bottom trawling is determined by the surface area fished (footprint), the physical impact 
of the passage of a fishing gear and the degree in which gear components penetrate into the sea bed. 
Based on an inventory of gear dimensions of the main bottom trawl fisheries (metiers) in Europe 
(Eigaard et al., 2016), the footprint of the surface and sub-surface abrasion was estimated (Figure 3). 
The sub-surface abrasion was estimated based on a literature review of the penetration depth of the 
different gear elements in different sea floor habitats. 
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Footprint 
The footprint of the flyshoot and Danish seine (anchor seine) is substantially larger than of the beam 
trawl fishery. We deﬁne the overall footprint size as the total area swept by the seine ropes and 
groundgear during a ﬁshing operation (Figure 4). For anchored seining, this footprint can be 
conceptualized as an isosceles triangle with a circumference of total seine rope length × 1.25 and an 
area of 1/2 × (seine rope length/4) × h, where h is the height of the isosceles triangle. For the flyshoot  
this footprint can also be conceptualized as an isosceles triangle, but due to the differences in gear 
operation, the foot-print area is calculated as 1/2 × (seine rope length/4) × 2 h, where h is the height of 
an equilateral triangle with a circumference equal to total seine rope length (Eigaard et al., 2016). It is 
noted that there is a lack of empirical data on the flyshoot fishery. The data used are from the Danish 
fishery. Data on the Duth fishery are currently collected recently are in line with the Danish data (Table 
3).  
Physical impact 
Bottom trawl can influence the sea floor in several ways (Rijnsdorp et al., 2016). The ropes and 
groundgear (ground rope) are towed over the sea floor and will homogenise the texture of the sea floor, 
damage hard structures, translocate and damage shells and stones.  Otter boards and chains penetrate 
into the sediment and disturb the vertical structure and sorting of the sediment. The hydrodynamic drag 
behind the gear will generate turbulence that bring sediment into suspension. The physical impact can be 
classified into (1) penetration into the sediment; (2)  collisions (abrasion); (3) sediment resuspension.  
 
The penetration of the gear elements depends on the force that the gear element impose on the sea floor 
and the strength of the sea floor. Fishing gears are designed to keep contact with the sea floor during 
fishing while not being too heavy to get stuck into the sediment. Trawls towed at a higher speed are 
heavier to counteract the increase in the upward force caused by the higher towing speed. The 
penetration depth, therefore will be mainly determined by the weight (mass) and shape of the gear 
element. 
 
The collision energy at which gear elements hit objects on the sea floor will be a function of the mass of 
the gear element and the towing speed.  
 
The resuspension of sediment will be determined by the grainsize of the sediment and the hydrodynamic 
drag. The latter is a function of the frontal surface area of the gear element and the towing speed 
squared.  
 
Based on the physical mechanisms by which gear elements impact the sea floor, we conclude that the 
physical impact is not only determined by the mass and size of the gear elements but also by the towing 
speed. These aspects need to be taken into account when assessing the impact of a fishing gear.  
Figure 5 presents the mean towing speeds of the metiers based on the inventory of Eigaard et al (2016). 
For the Danish seine, no towing speed data are available. The speed at which the ropes and the ground 
gear are towed over the sea floor will depend on the speed at which the ropes are hauled. The towing 
speed of the flyshoot will be higher as it is the sum of the speed at which the ropes are hauled and the 
speed of the vessel. The towing speed will be low at first and gradually increases during the tow. 
Information from the fishing industry suggests that the towing speed will range between 1-2 nautical 
miles per hour (Table 3). 
  
Ecological impact 
Bottom trawls may kill benthic invertebrates that come into contact with the gear. As a result bottom 
trawling will result in a decrease in the biomass and species richness of benthos. Long-lived species are 
more sensitive because they show a slower recovery. Animals with a robust morphology will be less 
sensitive than fragile animals. In chronically trawled areas, the proportion of long-lived species is 
generally lower and the proportion of short-lived species higher, than in un-trawled areas.  
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Sensitivity of the sea floor and the benthic community 
The sensitivity of the sea floor to the impact of bottom trawls depends on the level of natural disturbance 
(bottom shear stress). The degree of natural disturbance decrease with increasing water depth. The 
grainsize of the sediment generally reflects the degree of natural disturbance. Highly dynamic areas are 
characterised by coarse sediment, while low dynamic areas are characterised by fine sediments. The 
Frisian Front and Central Oysterground are area with a low level of natural disturbance with fine 
sediments. These benthic community in these areas are characterised by a relatively high proportion of 
long lived species. Van Denderen et al (2015) showed that in the lightly trawled FF and CO the 
proportion of long-lived species was higher than in the more dynamic coastal waters (Figure 6). 
Report C065/15 9 of 23 
 
4. Conclusions 
 
Regarding the effects of the flyshoot fishery on the structure of the seabed and the benthic community  
in the FF and the CO are, we can draw the following conclusions: 
• The FF en de CO are habitats with a low level of natural disturbance. The effect of the flyshoot, 
therefore, will be relatively large as compared to the effect of natural disturbance.  
• The footprint of the flyshoot (1.6 km2) and Danish seine (1.0 km2) , defined as the surface area 
covered during one hour of fishing, is relatively high as compared to the otter trawl (0.3 – 1.2 
km2) and beam trawl (0.2 km2).   
• The ‘sub-surface’ footprint of the flyshoot (0.1 km2) is lower than the sub-surface footprint of the 
otter trawl used in the Nephrops fishery (0.3 km2) or the beam trawl fishery (0.2 km2). 
• The physical impact per unit area swept will be substantially lower due to the lower towing 
speed. The physical impact depends on the specific characteristics of the sea bed habitat in the 
FF and CO area. Because the resuspension of sediment scales with the squared towing speed 
and with the frontal surface area of the gear elements, it is likely to be low.  
• The physical impact due to collisions, that scales with the towing speed and the mass of the gear 
element, might not be negligible in case of fragile and slow growing structures such as gas 
fountains and biogenic species (reefs).   Whether the flyshoot fishery will have an adverse effect 
in the FF and CO depends on the overlap in distribution of the fragile slow growing structures on 
the fishing grounds of the flyshoot fishery. According to Witbaard (2008) it is unknown whether 
gas fountains do occur in the area. None of the indicator species for the CO and FF (Table 4) are 
build biogenic habitats or are particularly vulnerable for the relatively mild physical impact of the 
flyshoot. Most of the indicator species are infaunal species that live in the sediment out of reach 
of the seine rope or ground gear (Callianassa subterranea, Upogebia spp, Brissopsis lyrifera, 
Amphiura filiformis, Corystus cassivelaunus, Nephtys incisa, Thracia convexa). All bivalves have 
a robust shell except the infaunal species Thracia convexa. 
• The flyshoot fishery has been poorly studied. There are no observations available of the effect of 
seine ropes on the benthic structures, the degree to which ropes penetrate into the seabed and 
the mortality the gear may impose on benthic invertebrates living on the surface.  
 
 
5. Quality assurance 
 
IMARES utilises an ISO 9001:2008 certified quality management system (certificate number: 124296- 
2012-AQ-NLD-RvA). This certificate is valid until 15 December 2015. The organisation has been certified 
since 27 February 2001. The certification was issued by DNV Certification B.V. Furthermore, the chemical 
laboratory of the Fish Division has NEN-EN-ISO/IEC 17025:2005 accreditation for test laboratories with 
number L097. This accreditation is valid until 1th of April 2017 and was first issued on 27 March 1997. 
Accreditation was granted by the Council for Accreditation. 
 
 
10 of 23 Report C065/15 
6. References 
 
Eigaard, O., Bastardie, F., Breen, M., Dinesen, G., Hintzen, N., Laffargue, P., Nielsen, J., et al. 2016. 
Estimating seafloor pressure from trawls and dredges based on gear design and dimensions. ICES 
Journal of Marine Science 73(Supplement 1): i27-i43. 
Galbraith, R.D., and Kynoch, R.J. 1990. Seine net engineering performance trials. In Scottish Fisheries 
Working Paper No 2/90. Department of Agriculture and Fisheries for Scotland, Marine Laboratory, 
Aberdeen. pp. 1-78. 
 
Kuhlman, J.W. en van Oostenbrugge, J.A.E. 2014. Bodemberoerende visserij op de Noordzee. Huidige 
situatie, recente ontwikkelingen en toekomstscenario’s. REPORT LEI 2014-024. 
Min I&M en Min EL&I 2012. Mariene Strategie voor het Nederlandse deel van de Noordzee, Deel I. 
Oktober 2012 (http://www.rijksoverheid.nl/documenten-en-publicaties/rapporten/2012/10/23/mariene-
strategie-voor-het-nederlandse-deel-van-de-noordzee-2012-2020-deel-1.html). 
Rijnsdorp, A. D., Bastardie, F., Bolam, S. G., Buhl-Mortensen L., Eigaard O.R., Hamon K.G., J.G., H., et 
al. 2016. A framework for the quantitative assessment of trawling impacts on the sea bed and benthic 
ecosystem. ICES Journal of Marine Science 73(Supplement 1): i127-i138 
van Denderen, P. D., Bolam, S. G., Hiddink, J. G., Jennings, S., Kenny, A., Rijnsdorp, A. D., and van 
Kooten, T. 2015. Similar effects of bottom trawling and natural disturbance on composition and function 
of benthic communities across habitats. Marine Ecology Progress Series 541: 15-30. 
Witbaard, R., Bos, O. G., and Lindeboom, H. J. 2008. Basisinformatie over de Borkumer Stenen, Bruine 
Bank en Gasfonteinen, potentieel te beschermen gebieden op het NCP IMARES Report C026/08. 37 pp.  
 
Report C065/15 11 of 23 
 
7. Tables and Figures 
 
Table 1a:Number of vessels and fishing effort (days at sea, min, max, mean), total landingst (kg), 
revenue (Euro) by vessel for the period 2010 – 2014. 
 
 2010 2011 2012 2013 2014 
Days at sea Min  58.8 136.6 137.7 150.2 147.8 
Days at sea Max 315.8 302.8 309.6 299.4 311.8 
Days at sea Mean 170.6 179.1 185.1 194.9 193.2 
Number of vessels 13 13 13 13 13 
Landings (ton) 409.6 469.0 575.1 601.4 703.6 
Revenue (million Euro) 1.28 1.26 1.26 1.00 1.59 
 
 
Table 1b: Fishing effort (days at sea),landings (kg), revenu (Euro) in Central Oysterground and Frisian 
Front area (ICES rectangles 36F4, 36F5, 37F4, 37F5, 38F4, 38F5). 
 
 2010 2011 2012 2013 2014 
Landings (ton) 112.3 85.7 58.5 186.5 114.5 
Effort (days at sea) 56.9 39.6 21.6 73.5 56.8 
Euro's (1000 Euro) 191.5 179.5 131.7 291.0 181.5 
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Table  2. Overview of the indicators of the footprint of the bottom trawl fishery and its impact on the sea 
floor and benthic ecosystem (from Rijnsdorp et al, 2016) 
 
Pressure indicators 
P1 Proportion of the habitat that is not trawled 
P2 Proportion of the habitat that is trawled at least once in a year 
P3 Proportion of the habitat where 90% of the trawling effort is concentrated. 
 
Indicators for the physical impact of the sea bed 
Ip penetration depth of the gear component 
Ic impulse momentum of the collision of the gear element 
Is sediment mobilisation 
 
Indicators for the impact on the ecosystem 
Es Reduction in the surface area trawled below critical level 
Esf Reduction in the surface area trawled below critical level for a specific functional group 
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Table 3. Characteristics of flyshoot vessels in NL visserij  
Gear component Data set 1 Data set 2 Data set 3 
Weight of seine about 1200 kg 1130 kg 600 & 450 kg  
(groundgear only) 
Fishing rope (diameter) 40-50mm  50 mm (1.7 kg.m) 44 mm & 40 mm 
Length of rope arm 3000-3500 m (2 x) 2 * 2700 m 35500 m & 31500 m (2x) 
Length of central section 12 m spread 7 m 28 m 33 m & 28 m 
Material arms Taifun 14 mm, red and 
white rope around zinc 
(max 60 kg) 
50 mm  
Material central section Rubber discs 125 mm and 
50 mm, zinc (max 20 kg) 
280 mm Rubber discs 270 mm & 
250 mm 
Mesh 120-140 mm 80-99 mm 80 – 120 mm 
Speed ground gear over the 
sea bed 
 1 knot 1-3 knots 
Source Report Goldsborough 
(Doggerbank project) 
Dirk Kuijt (mon med) op 
basis van info Cooperatie 
Westvoor, Stellendam voor 
3 schepen in de zuid: 500 
kW; 316 t; 34 m LOA; maart 
2015  
Data 2 schepen van Urk 
(736 kW & 500 kW); Geert 
Meun; april 2015 
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Table 4. Indicator species for the Central Oysterground and Frisian Front   
 
Oysterground 
 
NL name 
 
English name 
  
Callianassa subterranea  Moddergarnaal  Burrowing mud shrimp 
  
Upogebia stellata n.a. [tienpotigensoort] n.a. 
  
Brissopsis lyrifera n.a. [zee-egel] Spiny mudlark 
  
Corbula gibba Korfschelp Basket shell 
  
Acanthocardia echinata Gedoornde hartschelp Prickly cockle 
  
Turritella communis Penhoren Common tower shell / Auger shell 
  
Amphiura filiformis Draadarmige slangster Brittle star 
Frisian Front  
 
NL name 
 
English name 
  
Amphiura filiformis Draadarmige slangster Brittle star 
  
Callianassa subterranea  Moddergarnaal Burrowing mud shrimp 
  
Upogebia deltaura  Harige molkreeft n.a. 
  
Thracia convexa Bolle papierschelp Convex thracia 
  
Goneplax rhomboides Trapezium krab Angular crab 
  
Corystus cassivelaunus Helmkrab Masked crab / Helmet crab 
  
Nephtys incisa n.a. [Borstelworm] n.a.  
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Figure 1a. Distribution of mean fishing effort (kwdays) and revenue (Euro) per year of the SSC in the 
period 2010-2014.  
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Figure 1b.Distribution of annual mean fishing effort (kwdays) of the SSC in the period 2010-2014. The 
black dots show VMS fishing recordings.  
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Figure 2. Components of the assessment framework of the trawling impact of bottom trawl fisheries.The 
effects are determined by the type of gear, the intensity of trawling and the surface area (footprint). The 
sea floor habitats and the its community of benthos differ in their sensitivity for bottom trawling. 
Ecosystem functioning depends on the community composition and the functional traits of its 
constituents, which will show a differential sensitivity for bottom trawling.  
18 of 23 Report C065/15 
 
 
 
Figure 3. Footprint of the 14 bottom trawling metiers in European waters. The top panel shows the 
proportion of subsurface abrasion where gear elements penetrate into the sediment. The bottom panel 
shows the surface area of the surface (white) and sub-surface (black) abrasion during one hour of 
trawling. Source: Eigaard et al (2016). 
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Figure 4. Footprint of a danish seine (upper panel) and flysoot (lower panel). From Eigaard et al (2016). 
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Figure 5.Relationship between the seine rope length and vessel size for the flyshoot (left panel) and the 
danish seine (right panel). Source: Eigaard et al (2015) ICES JMS. 
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Figure 6. Towing speed (mean, mean +/- standard deviation) of the different bottom trawl metiers in 
European waters. SDN-DEM = Flyshoot. Other relevant bottom trawl fisheries for the FF and CO are 
flatfish beam trawl (TBB_DMF) and the various otter trawls (OT).  Source: Eigaard et al (2016) ICES 
JMS
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Figure 7. Differences in the benthic community composition in sampling sites with a low trawling 
intensity in eight study areas in the North sae and Irish Sea. The figure shows the biomass composition 
for six biological traits (panel b). Area 4 represents the Central Oystergrounds and Frisian Front. Area 5 
represent the Dutch coast  and southern North Sea. The number of sampling locations and duplo 
samples are: Dogger Bank 3(5); Sellafield 1(5); Silver Pit 3(4); Dutch FS 92(1); Dutch CS 9(1); Fladen 
Ground 2(5); Long Forties 2(2 and 5); Thames 3(4)  (van Denderen et al., 2015).       
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